Introduction
============

Lung cancer is among the most common malignancies worldwide. Small cell lung cancer (SCLC) represents 15%--20% of all lung cancers.[@b1-cmar-10-3199] SCLC is characterized by rapid growth and a high incidence of metastasis,[@b2-cmar-10-3199] and their biological features are significantly different from those of non-small-cell lung cancer (NSCLC). Although SCLC has a high response rate to both radiation therapy and chemotherapy (ChT), lung cancer metastases and recurrence frequently occur. Moreover, the median survival time in SCLC is approximately 15--20 months for limited-stage (LS) disease and only 8--13 months for extensive-stage (ES) disease.[@b2-cmar-10-3199]--[@b4-cmar-10-3199] Brain metastases (BM) are common, especially in SCLC. Approximately, 10% of patients with SCLC have detectable BM at the time of initial diagnosis, and more than 50% of patients are at high risk of developing BM, particularly in the first 2 years.[@b5-cmar-10-3199],[@b6-cmar-10-3199]

Aupérin et al conducted a meta-analysis of prophylactic cranial irradiation (PCI) trials in LS-SCLC and showed that the application of PCI can reduce the risk of BM by 25%[@b7-cmar-10-3199]; PCI is also offered to patients with ES-SCLC.[@b8-cmar-10-3199] Moreover, PCI was associated with a significant survival benefit for both ES-SCLC and LS-SCLC patients.[@b9-cmar-10-3199] Thus, PCI has become one of the standard treatment options for SCLC patients because of these confirmed advantages. However, SCLC patients still cannot avoid developing BM after PCI, and the survival of these patients with intracranial disease generally remains poor.[@b8-cmar-10-3199],[@b10-cmar-10-3199]--[@b12-cmar-10-3199]

Several clinical factors, such as lymphovascular invasion, advanced stage, and treatment with hyperfractionated accelerated radiation therapy, have been identified as the risk factors for BM in SCLC patients,[@b13-cmar-10-3199],[@b14-cmar-10-3199] but there is no study that shows the clinical value of carcinoembryonic antigen (CEA) in predicting the development of BM in SCLC patients after PCI. The objectives of the present study were to investigate the effect of CEA on the development of BM and to analyze the influence of CEA on the survival time of SCLC patients who received PCI.

Materials and methods
=====================

Patients
--------

We carried out a retrospective study of 128 consecutive patients who received PCI for SCLC in Shandong Cancer Hospital and Institute (Jinan, Shandong, China) between 2005 and 2015. Clinicopathological data and serum tumor marker levels were obtained from the electronic medical record system. The inclusion criteria were as follows: pathological diagnosis of SCLC, either LS-SCLC or ES-SCLC; no history of previous anticancer therapy; no initial diagnosis of BM or other metastasis; and the presence of complete case and follow-up data. Patients were excluded if they had synchronous malignancies or had not been treated with standard therapy for LS-SCLC or ES-SCLC. All patients underwent a systematic evaluation before treatment, which included physical examination, enhanced computed tomography (CT) of the chest and abdomen, a brain CT scan or magnetic resonance imaging (MRI), bone radionuclide imaging, and routine blood tests, including serum tumor marker tests. Finally, 128 patients with SCLC who had received PCI were selected for the analyses.

Ethical approval
----------------

The study was approved by the Ethics Committee of Shan-dong Cancer Hospital and Institute. All procedures performed in the studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. Written informed consent was obtained from all patients before their participation in this clinical research, and their data are used for future research.

Treatment
=========

Patients with LS-SCLC were treated with sequential chemoradiotherapy (SCRT) or concurrent chemoradiotherapy (CCRT), and ES-SCLC patients were treated with ChT with thoracic radiation therapy (TRT). For radiation therapy, each patient had an individual mask, and the treatment modes for both LS-SCLC and ES-SCLC patients included conventional fractionation and accelerated hyperfractionation. ChT used cisplatin/carboplatin combined with etoposide. PCI was implemented for all patients who had stable disease or a high response rate; PCI was given at 2.5 Gy per fraction to a total dose of 25 Gy.

Data collection and statistical analysis
----------------------------------------

Variables including age, gender, smoking history, Eastern Cooperative Oncology Group (ECOG) score, loss of body weight (%), clinical stage, number of ChT cycles, radiation mode, and tumor marker levels were recorded. Tumor markers including CEA, neuron-specific enolase (NSE), and cytokeratin 19 fragments (CYFRA21-1) were examined as routine clinical practice before the initiation of treatment. The CEA, NSE, and CYFRA21-1 levels were measured by commercial electrochemiluminescence immunoassays using the Elecsys cobas e601 analyzer and reagent kits (Roche Diagnostics, Mannheim, Germany). Time to BM was measured from the start of the initial standard treatment to either the date that BM were confirmed by a brain CT scan or MRI or the date of last follow-up if no BM occurred. Overall survival (OS) was defined from the date of diagnosis to either the date of death from any cause or the last date that the patient was known to be alive.

SPSS 20.0 statistical software (IBM Corporation, Armonk, NY, USA) was used for data analysis. Receiver operating characteristic (ROC) curve analysis was used to determine the optimal cutoff values, with serum tumor markers as test variables and positive-BM and negative-BM as state variables. The sensitivity, specificity, and area under the curve (AUC) were calculated. BM development and OS were analyzed with the Kaplan--Meier method and compared with the log-rank test. Variables with statistical significance in the univariate analysis were included in the multivariate analysis (Cox regression model analysis). In general, a two-sided *P*-value \<0.05 was considered statistically significant.

Results
=======

Patient characteristics
-----------------------

The clinical characteristics of the 128 patients, who underwent PCI included in the study group, are summarized in [Table 1](#t1-cmar-10-3199){ref-type="table"}. The age of the patients ranged from 30 to 83 years (median: 62 years), and male patients accounted for 55.5% of the study population. The majority of the patients were in good general condition with an ECOG performance status of 0--1. Of the patients with SCLC at the time of diagnosis, 66 (51.6%) had LS disease and 62 (48.4%) had ES disease. The median follow-up time was 39 months (range: 9--84.5 months).

ROC curves for CEA were generated to determine the appropriate cutoff values, and it was found that a value of 5.6 ng/mL resulted in the optimal AUC of 0.672 (95% CI: 0.563--0.781, 56.3% sensitivity and 78.1% specificity). In the 128 patients, the median serum CEA level was 4.63 ng/mL (range: 0.42--237.5 ng/mL); and 35 (27.3%) patients exhibited high CEA levels (\>5.6 ng/mL), while the other 93 (72.7%) exhibited low CEA levels (≤5.6 ng/mL). The median serum NSE level was 44 ng/mL (range: 7.4--337.1 ng/mL), and the median serum CYFRA21-1 level was 2.5 ng/mL (range: 0.6--217.5 ng/mL).

Association between serum tumor markers and the development of BM
-----------------------------------------------------------------

Of the 128 patients, 32 (25%) developed BM at some time during the course of follow-up. Several clinicopathological risk factors for the development of BM that were identified with the univariate and multivariate analyses are shown in [Table 2](#t2-cmar-10-3199){ref-type="table"}. The univariate analysis showed that the variables associated with a higher incidence of BM were advanced clinical stage (*P*=0.016), CEA level (*P*=0.001), NSE level (*P*=0.007), and CYFRA21-1 level (*P*=0.025). Moreover, patients with a high CEA level had a higher incidence of BM compared to those with a low CEA level (*P*=0.001, [Figure 1](#f1-cmar-10-3199){ref-type="fig"}). In the multivariate analysis, CEA level (HR: 2.479, 95% CI: 1.101--5.581; *P*=0.028), advanced clinical stage (HR: 2.929, 95% CI: 1.338--6.413; *P*=0.007), and NSE level (HR: 3.021, 95% CI: 1.226--7.442; *P*=0.016) were associated with an increased risk of developing BM.

Association between serum tumor markers and OS
----------------------------------------------

In the overall population, the median OS was 38.5 months. It was significantly shorter in patients with BM (14.5 months) compared with that in patients without BM (38.5 months). The variables significantly associated with poor OS in the univariate analysis were advanced clinical stage (*P*=0.024), CEA level (*P*=0.001), NSE level (*P*=0.033), and CYFRA21-1 level (*P*=0.045). In the multivariate analysis, CEA (HR: 1.903, 95% CI: 1.133--3.195; *P*=0.015) and advanced clinical stage (HR: 2.002, 95% CI: 1.227--3.267; *P*=0.005) were significant independent predictors of OS ([Table 3](#t3-cmar-10-3199){ref-type="table"}). Patients with a high CEA level had a worse OS compared to those with a low CEA level (*P*=0.001, [Figure 2](#f2-cmar-10-3199){ref-type="fig"}).

Discussion
==========

The occurrence of BM is often a bottleneck in the treatment of malignant tumors and impairs patients' quality of life.[@b15-cmar-10-3199],[@b16-cmar-10-3199] Especially in SCLC, patients show a higher risk of suffering from BM. PCI is an effective treatment to decrease the incidence of BM and improve survival in patients with SCLC. However, some patients still develop BM. Moreover, the value of the serum tumor marker CEA for predicting the incidence of BM and survival in SCLC patients has not been confirmed, and further research is warranted. Our study revealed that high CEA levels were associated with a higher risk of BM and decreased survival in patients with SCLC who received PCI.

CEA is a glycoprotein that attaches to the apical membrane of epithelial cells via its C-terminal glycosylphosphatidylinositol anchor. CEA is expressed more abundantly in gastrointestinal epithelium and can be found in other mucosal epithelia, such as breast, colonic, and lung epithelia.[@b17-cmar-10-3199] CEA is closely associated with tumor cell adhesion, immunologic defense, and cell survival,[@b18-cmar-10-3199],[@b19-cmar-10-3199] and tumors with high CEA expression could possess an increased capacity for BM development; this phenomenon could be due to the high ability of CEA to penetrate the blood--brain barrier and vascular-tumoral cell-cell adhesion. CEA is a useful indicator of PFS and OS in patients with colorectal cancer and NSCLC, especially, adenocarcinoma.[@b20-cmar-10-3199]--[@b23-cmar-10-3199]Although CEA is not specific for SCLC, studies have demonstrated that 32.8%--42.7% of patients with SCLC expressed high serum CEA levels.[@b24-cmar-10-3199]--[@b26-cmar-10-3199]

In a previous study by Fizazi et al,[@b27-cmar-10-3199] SCLC patients who had no PCI with a normal serum CEA level had significantly better survival than those with a high CEA level. Li et al[@b24-cmar-10-3199] reported that SCLC patients who had no PCI with a serum CEA level of \>10 ng/mL have a significantly lower 5-year survival rate than those with a normal serum CEA level (*P*=0.004). Similar results were shown in another study. Yang et al[@b26-cmar-10-3199] studied the prognostic value of serum CEA level in SCLC without PCI. They also reported that a high serum CEA level was associated with poor clinicopathological characteristics and was an independent prognostic indicator for survival (*P*\<0.001). However, a study conducted by Paesmans et al[@b28-cmar-10-3199] showed that the median survival time did not differ significantly between SCLC patients who had no PCI with a high CEA level and those with a low CEA level (*P*=0.13). These discrepancies may reflect the heterogeneity of patients in each clinical study.

In NSCLC, high CEA levels have been reported to be correlated with BM. Arrieta et al[@b20-cmar-10-3199] found that high CEA serum level is a risk factor for BM development in patients with advanced NSCLC (HR: 11.4, 95% CI: 1.7--74; *P*\<0.01). A study to identify risk factors for BM in SCLC patients without PCI was conducted by Zeng et al,[@b13-cmar-10-3199] who found that TNM classification (*P*\<0.05) was associated with BM in univariate and multivariate analyses. A similar study conducted in our cancer center[@b14-cmar-10-3199] found that patients with completely resected advanced-stage and lymphovascular invasion are at the highest risk for BM for SCLC without PCI. Nevertheless, they did not evaluate the predictive value of the serum tumor marker CEA for the development of BM in SCLC patients with PCI; they only evaluated risk factors for BM in SCLC patients without PCI. To the best of our knowledge, this is the first report to evaluate the prognostic significance of serum CEA level for BM and OS in SCLC patients treated with PCI. Our results showed that CEA (*P*=0.028), advanced clinical stage (*P*=0.007), and NSE level (*P*=0.016) were signifi-cantly related to BM and that patients with a low CEA level (*P*=0.015) and an early clinical stage (*P*=0.005) achieved significantly better OS than patients with a high CEA level and an advanced clinical stage. We found that high expression of CEA was also associated with BM (HR: 2.479, 95% CI: 1.101--5.581; *P*=0.028) and OS (HR: 1.903, 95% CI: 1.133--3.195; *P*=0.015) in SCLC patients treated with PCI.

Disease stage is a vital clinical factor that is used to predict prognosis in SCLC. Although the seventh edition of the TNM classification for lung cancer has been proposed, the two-stage system is still extensively applied in clinical practice. However, we did not observe that the two-stage system was associated with BM and OS (for all *P*\>0.05) in SCLC in this study. Comparison of the two staging systems shows that TNM classification provides a more accurate assessment of prognostic value because it integrates various biological characteristics of tumors, lymph nodes, and metastases.[@b29-cmar-10-3199]

Our study has some limitations. First, it was a retrospective analysis, which rendered it susceptible to bias in data selection and analysis. Second, our study included a small sample of patients with different stages of disease, so we could not control for all possible confounding factors. Therefore, we focused on the relationship between serum CEA level and BM and OS in this study, and our results suggest that CEA is an effective index for predicting the incidence of BM and OS in SCLC patients treated with PCI. We deeply hope that more prospective studies on this topic will be conducted to verify our conclusions.

Conclusion
==========

In summary, this retrospective analysis revealed that a high serum CEA level is an independent prognostic factor for BM development and decreased survival in patients with SCLC after PCI. Based on our results, further investigations regarding the effect of CEA in predicting the incidence of BM and survival in SCLC patients who received PCI are needed.
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###### 

Demographic and clinical characteristics of patients

  Variables                     No. of patients (%)
  ----------------------------- ---------------------
  Age, median (range) (years)   62 (30--83)
   ≤60                          61 (47.6)
   \>60                         67 (52.4)
  Gender                        57 (44.5)
   Female                       71 (55.5)
   Male                         
  Smoking history               79 (61.7)
   Yes                          49 (38.3)
   No                           
  ECOG score                    88 (67.8)
   0--1                         40 (32.2)
   ≥2                           
  Loss of body weight (%)       83 (64.8)
   \<5                          45 (35.2)
   ≥5                           
  Two-stage system              66 (51.6)
   LS                           62 (48.4)
   ES                           
  TNM stage                     61 (47.7)
   I--II                        67 (52.3)
   III--IV                      
  CEA                           93 (72.7)
   ≤5.6                         35 (27.3)
   \>5.6                        
  NSE                           52 (40.6)
   ≤24.5                        76 (59.4)
   \>24.5                       
  CYFRA21-1                     69 (53.9)
   ≤2.7                         59 (46.1)
   \>2.7                        
  Albumin                       83 (64.8)
   ≤43.4                        45 (35.2)
   \>43.4                       
  Cycles of chemotherapy        55 (43.0)
   \<4                          73 (57.0)
   ≥4                           
  Radiation mode                92 (71.9)
   CFR                          36 (28.1)
   AHF                          

**Abbreviations:** AHF, accelerated hyperfractionation; CEA, carcinoembryonic antigen; CFR, conventional fraction radiotherapy; CYFRA21-1, cytokeratin 19 fragments; ECOG, Eastern Cooperative Oncology Group; ES, extensive-stage; LS, limited-stage; NSE, neuron-specific enolase.

###### 

Univariate and multivariate analyses for the risk of developing BM

  Variables                 Univariate analysis    Multivariate analysis                          
  ------------------------- ---------------------- ----------------------- ---------------------- -------
  Age (years)               1.398 (0.691--2.832)   0.352                                          
   ≤60/\>60                                                                                       
  Gender                    0.960 (0.477--1.930)   0.908                                          
   Female/male                                                                                    
  Smoking history           0.690 (0.442--1.076)   0.635                                          
   Yes/no                                                                                         
  ECOG score                0.692 (0.311--1.540)   0.367                                          
   ≥2/0--1                                                                                        
  Loss of body weight (%)   1.133 (0.554--2.317)   0.733                                          
   ≥5/\<5                                                                                         
  Two-stage system          1.099 (0.549--2.199)   0.789                                          
   ES/LS                                                                                          
  TNM stage                 2.579 (1.193--5.579)   0.016                   2.929 (1.338--6.413)   0.007
   III-IV/I-II                                                                                    
  CEA                       3.283 (1.640--6.573)   0.001                   2.479 (1.101--5.581)   0.028
   \>5.6/≤5.6                                                                                     
  NSE                       3.382 (1.391--8.220)   0.007                   3.021 (1.226--7.442)   0.016
   \>24.5/≤24.5                                                                                   
  CYFRA21-1                 2.274 (1.110--4.657)   0.025                   1.716 (0.730--4.034)   0.215
   \>2.7/≤2.7                                                                                     
  Albumin                   1.807 (0.902--3.620)   0.095                                          
   \>43.4/≤43.4                                                                                   
  Cycles of chemotherapy    0.567 (0.282--1.140)   0.111                                          
   ≥4/\<4                                                                                         
  Radiation modes           0.796 (0.358--1.773)   0.577                                          
   AHF/CFR                                                                                        

**Abbreviations:** AHF, accelerated hyperfractionation; BM, brain metastases; CEA, carcinoembryonic antigen; CFR, conventional fraction radiotherapy; CYFRA21-1, cytokeratin 19 fragments; ECOG, Eastern Cooperative Oncology Group; ES, extensive-stage; LS, limited-stage; NSE, neuron-specific enolase

###### 

Univariate and multivariate analyses for OS

  Variables                 Univariate analysis    Multivariate analysis                          
  ------------------------- ---------------------- ----------------------- ---------------------- -------
  Age (years)               1.053 (0.667--1.662)   0.825                                          
   ≤60/\>60                                                                                       
  Gender                    1.068 (0.675--1.689)   0.780                                          
   Female/male                                                                                    
  Smoking history           1.037 (0.651--1.653)   0.878                                          
   Yes/no                                                                                         
  ECOG score                0.866 (0.529--1.419)   0.569                                          
   ≥2/0--1                                                                                        
  Loss of body weight (%)   1.253 (0.787--1.995)   0.342                                          
   ≥5/\<5                                                                                         
  Two-stage system          0.939 (0.591--1.492)   0.789                                          
   ES/LS                                                                                          
  TNM stage                 1.717 (1.073--2.746)   0.024                   2.002 (1.227--3.267)   0.005
   III-IV/I-II                                                                                    
  CEA                       2.174 (1.365--3.462)   0.001                   1.903 (1.133--3.195)   0.015
   \>5.6/≤5.6                                                                                     
  NSE                       1.691 (1.043--2.740)   0.033                   1.605 (0.984--2.618)   0.058
   \>24.5/≤24.5                                                                                   
  CYFRA21-1                 1.598 (1.011--2.526)   0.045                   1.448 (0.855--2.454)   0.169
   \>2.7/≤2.7                                                                                     
  Albumin                   1.330 (0.830--2.131)   0.235                                          
   \>43.4/≤43.4                                                                                   
  Cycles of chemotherapy    0.820 (0.518--1.299)   0.398                                          
   ≥4/4                                                                                           
  Radiation modes           0.794 (0.466--1.353)   0.396                                          
   CFR/AHF                                                                                        

**Abbreviations:** AHF, accelerated hyperfractionation; CEA, carcinoembryonic antigen; CFR, conventional fraction radiotherapy; CYFRA21-1, cytokeratin 19 fragments; ECOG, Eastern Cooperative Oncology Group; ES, extensive-stage; LS, limited-stage; NSE, neuron-specific enolase; OS, overall survival
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